Chronic THC intake modifies fundamental cerebellar functions
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Delta9-tetrahydrocannabinol (THC)
,
Consequences in the blink of an eye
Our detailed understanding of the molecular mechanism of action of THC on neuronal activity began 20 years ago with the molecular identification of the gene encoding for CB 1 receptors, which mediate the psychoactive effects produced by this compound (1). CB 1 receptors represent one of the most abundant G proteincoupled receptors expressed in the brain, although the expression level and coupling mechanism vary according to neuron type (2) . Activation of CB 1 receptors by endogenous cannabinoid ligands, the endocannabinoids (eCBs), modulates neuronal activity at 4 overarching levels: by guiding neuronal patterning and connectivity during brain development (3); by modulating neurotransmitter release probability (4); by mediating short-term and long-term synaptic plasticity and shaping neuronal network connectivity (5, 6); and by controlling the expression of prosurvival proteins that promote neuronal endurance in response to brain injuries and pathologies (7). Unlike eCBs, THC activates CB 1 receptors with its own pharmacodynamic profile and thus may impinge upon neuronal activity at these 4 levels (8).
The effect of THC on higher sensory, intentional, and memory processes has been intensely studied, but more recently, a major research focus has been on how THC affects neuronal activity at the systems level, revealing the breadth of THC's impact on behavior. In the current study, Cutando et al. (9) investigated the effect of subchronic THC exposure on cerebellar function. The cerebellum represents a key relay structure involved in the fine tuning of motor coordination, the implementation of associative learning, and the processing of temporal operations. Cutando et al. (9) found that subchronic THC exposure led to the impair-matory response, Cutando et al. developed a new mouse model that lacks the CB 1 receptor selectively in cerebellar parallel fibers (Cb1a6 -mice) and found selective activation of microglia in the cerebellum of these mice, demonstrating that loss of CB 1 signaling due to receptor downregulation or genetic deletion induces a neuroinflammatory response (ref. 9 and Figure 1 ). This seemingly simple result points to an important new concept: it suggests that one function of CB 1 receptors expressed by cerebellar stress fibers is to maintain homeostasis within the cerebellum and that disruption of this homoeostasis triggers microglial cell activation and neuroinflammation. Remarkably, the authors found no direct evidence of neuronal damage, suggesting that the impaired neuronal adaptation measured by the eyeblink reflex was not due to actual neuronal loss but rather to changes in neurotransmitter release from the stress fibers onto Purkinje cells. change? Loss of presynaptic CB 1 receptor signaling and control of neurotransmitter release increases the probability of glutamate release and promotes excitotoxicity (7, 11) . Microglial cells, the macrophages of the brain, act as sentinels for neuronal dysfunction and injury, constantly surveying the parenchyma by extending and retracting their fine processes and sampling for the presence of cell damage signals and pathogens (12) . Once microglia encounter such a signal of injury or pathogen, they undergo a rapid change in phenotype that empowers them with immune functions tailored to attempt to reduce and repair any tissue damage. Accordingly, one can monitor brain tissue for microglial cell activation and easily locate the damaged areas. In this study, the authors found that subchronic THC intake leads to microglial activation specifically in the cerebellum. To further define the cellular components mediating this neuroinflamment of motor coordination and eyeblink reflex conditioning in mice, both of which are archetypal examples of cerebellar-associated learning. Eyeblink conditioning was achieved by presenting an auditory stimulus (i.e., conditioned stimulus [CS]) to the mice, followed by an eyeblink-eliciting unconditioned stimulus (US) elicited by a mild air puff. Following repeated CS-US trials, a conditioned response (CR) that preceded US onset was measured. In humans, repeated THC intake has previously been shown to markedly reduce the incidence and timing of this neuronal adaptive response (10) . Here, Cutando et al. (9) found in mice that the THC-induced behavioral impairment was related to the rapid and strong downregulation of CB 1 receptors.
How lighting up ignites inflammation
What would be the significance of losing eCB signaling through CB 1 receptors, and what brain areas would be affected by this
Figure 1
In mice, subchronic treatment with THC leads to the downregulation of presynaptic cannabinoid CB1 receptors expressed by parallel fibers that project onto Purkinje cells. Cutando et al. (9) show that the loss of CB1 receptors, either due to TCH-induced downregulation or genetic deletion, triggers a neuroinflammatory response typified by changes in microglial cell morphology and CB2 receptor expression. This adaptive response underlies THC-induced deficits in cerebellar-associated learning functions.
